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[57] ABSTRACT 

A clear color image having a high contrast ratio with- 
out particular coloration is displayed on a screen by 
improved display apparatus. Such display apparatus is 
comprised of a spatial light modulator including a 
photo-conductive layer, a photo-modulator layer and a 
dielectric mirror, a device for writing color images of 
different cdlbr5>>onto the spatial light modulator time- 
divisionally in a sequence of the different colors, a read- 
ing device for producing reading lights having different 
^lors in synchronism with time-divisional writing of 
^ color images, and for projecting the reading lights 
to the spatial light modulator, a driving device for sup- 
plying the spatial light modulator with different volt- 
ages and frequencies correspondingly with the reading 
light of different colors and in synchronism with time- 
divisional projections of the reading lights, and a device 
for projecting the color images read out from the spatial 
hght modulator on the display device. 

The dielectric mirror may have a light absorbance char- 
acteristic controlled to be wavelength-selective to ab- 
sorb a color of light to which the photo-conductive 
layer is most sensitive, so that lights having different 
colors leaked into the photo-conductive layer through 
the dielectric mirror are controlled to cause a uniform 
impedance of the photo-conductive layer, 
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tive layer through the glass substrate 21 and the trans- 
DISPLAY DEVICE parent electrode 22. Upon receiving the writing light 

w^. electric resistance or impedance of the photo-conduc- 

BACKGROUND OF THE INVENTION tive layer 23 varies correspondingly with a sectional 

1. Field of the Invention ^ intensity distribution of the writing light. 

The present invention relates to a display device for In reading the image, a reading light is directed to the 

displaying a color image. photo-modulator layer 25 through the glass substrate 27 

2. Description of the Related Art and the transparent electrode 26. The reading light 
A projector system disclosed in Japanese Laid Open which passes twice the photo-modulator layer 25 being 

Patent Application 1-502139 (1989) is shown in FIG. 1 reflected by the dielectric mirror 24 is modulated corre- 

schematically as an example of a conventional display spondingly with a state of the writing light, thus read 

device which will be described in the foUowing. through the glass substrate 27. 

• 1 H T ^ ^^^PJ^ of ^ In this case, when the R, G and B lights sequentially 

Te?;!?^^^^^^^^ 15 supplied from Oie RGB switch^^^ 

from a light source 15 is directed to^an R, G and B the mam pnsm 11 and an mia^^^^^^^^ 

switching device (referred to as RGB switching device) }l ^"PJ^f ^ ^""^^ ^^i;? " « ^ ^ 

14, R, G and B components of the white light beam are ^P^^ial light modulator 20 as the readmg hght and the 

output sequentially to a main prism 11 by causing the writing hght respectively, the image on the screen of 

polarizing angles of the R. G and B components to be 20 the CRT 13 is observable as a color nnage through the 

switched at high speed by the RGB switching device P"sin 11 as follows. By sequentially outputting 

14. (reading) R» G and B images from the screen of the 

The RGB switching device 14 is constituted with a CRT 13 in synchronism with time divisional and se- 

polarizing prism 1 for polarizing an input white light quential supplies of R, G and B reading lights through 

beam to a white light beam having a predetermined 25 the liquid crystal polarizing switches 5, 6 and 7 which 

polarized light (P-polarizcd light), a blue filter 2 for are switched at high speed, an observer sees the respec- 

reflecting a blue light component of the output white tivcly colored images as a normal color image, 

light from the polarizing prism 1 and passing other light Although a white light is a composition of R, G, B 

components, a red filter 3 for reflecting only a red light ^^^^^ the respective light amounts of the R. G and B 

component of the light components passed through the 30 ^o^p^^ents arc different from each other and the re- 

blue fil er 2. a green filter 4 for reflectmg a green hght ^^^^^ wavelength thereof are also different from 

passed through the blue filter 2 and the red filt^ 3. Each ^^^^^ ^^^^ R, G and B reading 

of the liquid crystal polarizer switches 5, 6 and 7, when , ^ , v j • j- ♦ • « j 

it is off, rotates polarizing angle of the incident light ^'^^^ .^^""^ TrT f ^"^^ f 

component reflected from the respective fihers 2, 3 and 35 q^entially to the light valve 12, the light amount and the 

4 by 90 degrees and allows to pass it, but these polariza- wavelength spectrum of the readmg light vary time to 

tion rotated light components pass through subse- ^ime. 

quently and correspondingly provided blue, red and Further, although the dielectric mirror 24 of the light 

green fdters 8, 9 and 10, thus are not used as reading valve 12 (spatial light modulator 20) can reflect the 

lights. When each of the liquid crystal polarizer 40 reading light whose wavelength is in a range from 400 

switches 5, 6 and 7 is on, the turned on switch allows to to 700 nm, it can not reflect 100% of the incident light, 

pass the incident Hght as it is (polarization of the inci- therefore, leakage of the light penetrating into the 

dent light is not rotated). Blue, red and green filters 8, 9 photo-conductive layer 23 is always present although 

and 10 functions similarly to the fUters 2, 3 and 4 respec- the amount thereof is very small. Due to such leakage 

tively. Light reflected by the respective filters 8. 9 and 45 light, an impedance of the photo-conductive layer 23 is 

10 are supplied to the main prism 11. By switching the affected accordingly, which causes an operating point 

liquid crystal polarizing switches 5, 6 and 7 of the RGB ©f the photo-modulator layer 25 to be varied compared 

switching device 14 sequentially, the main prism 11 ^th a case of no such leakage light, 

supplies to a light valve 12 only ^he color light the q and B reading lights supplied to the spatial light 

po anzation of which is not rotated by the turned on 50 n^odulator 20 (12) are different in light amount and 

^■S^Tlf^i ^ ,r wavelength spectrum from each other. Further, the 

iati?a«rh^ ^^rst h^t^ rT^'' 

HG. 6 is a sectional view showing a construction of "^^^^ " ^^nV T I ^ ^ n°r I'' wavelengi^h 

exemplary spatial Ught modulator. 55 ^ ^^^^ ^' ^ ^^'f. ^P^^ 

Referring to FIG 6. the spadal light modulator 20 Pjj^^to^onductive layer 2^ 

has a laminated structure of a glass substrate 21. a trans- Therefore, for the R hght to which the photoK:onduc- 

parent electrode (ITO) 22. a photo^onductive layer 23, Jl^f ^^y/^ ^3 is highly sensitive or for large amount of 

a dielectric mirror 24, a pholo-modulator layer 25 (uti- photo-conductivc layer 23 be- 

liring birefringence effect of, for example, TN liquid 60 comes more sensitive than to others, which causes oper- 

crystal or perpendicularly oriented liquid crystal, etc.), PO"^ *e photo-conductive layer 23 to vary 

a transparent electrode 26 and a glass substrate 27, in the responsive to respective colored Ughts. 

order. The photo-modulator layer 25 is sandwiched If the respectively colored images are projected onto 

between aligning films 28 and 29. a screen (not shown), it is impossible to obtain a normal 

In writing an image, a voltage is applied across the 65 white image nor properly color balanced image, caus- 

transparent electrodes 22 and 26 to generate an electric ing contrast ratio of the image to be degraded or the 

field across the photo-conductive layer 23, and a writ- projected image may have a reddish coloration, thus a 

ing light (image light) is directed to the photo-conduc* desired, composed color image can not be obtained. 
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SUMMARY OF THE INVENTION DETAILED DESCRIPTION OF THE 

J- , , u r PREFERRED EMBODIMENT 

Accordingly, a general object of the present mven- ^^^^^ *iiT*»w*^ 

tion is to provide a display device in which the above An embodiment of a display device according to the 

disadvanuges have been eliminated. ^ present invention will be described with reference to 

More specific object of the present invention is to the drawings, in which identical constructive compo- 

provide a display device capable of obtaining a nor- "^"^5 to those of the described conventionaJ example 

maUy color balanced image. ^ depicted by identical characters without detailed 

Another and more specific object of the present in- ^P^^^^P? ^. ^ . r 

vcntion is to provide a display device for displaying a '° ^, ? ^. « ^^f""^ embodmient of the 

**ftir»r imooA o ^^^^^ ^^Z.^^.;^^ - li^k* ;1 ♦.t.^ display device 30 according to the present mvention. 

spatial bght modulator mcludmg at least a photo<on- * © \ /• 

ductive layer and a dielectric mirror, writing devices Referring to FIGS. 2 and 3, a control signal generator 

for wntmg information time divisionally m a sequence ,5 (^TL) 31 outputs a control signal for every frame (or 

of different colors onto the spatial light modulator, f^^) as shown in FIG. 3(A). The control signal is sup- 

readmg device for readmg the information written on pHed to an RGB signal generator 32, the RGB switch- 

the spatial light modulator, by decomposing a hght ing device 14 and a switch circuit 38. The RGB signal 

from a light source into the corresponding colors and generator 32 responds to the control signal from the 

directing them to the spatial light modulator in synchro- 20 control signal generator 31 so as to compress RGB 

nism with the time-divisional writing of the infonna- image signals by known technology and stores the com- 

tion, a voltage supply device for supplying a driving pressed R, G and B image signals in an R memory 33, a 

voltage to the spatial light modulator, the voltage sup- G memory 34 and a B memory 35, respectively. Output 

ply device changing a value of the driving voltage in signals from the R, G and B memories 33, 34 and 35 are 

synchronism with the time-divisional writing and a supplied to a CRT 13 in a sequence of color image 

projecting device for projecting the information read signals included within one frame by a processing cir- 

out from the spatial light modulator through a projec- ^uit 36 as shown in FIG. 3(B) in such a manner that R, 

tion lens onto the screen. ^» ^ color images sequentially displayed on the CRT 13 

Further specific object of the present invention is to exposed to a spatial light modulator (SLM) 20 as. 

provide a display device for displaying acolor image on ^0 writing lights. It should be noted that the R, G B color 

a screen comprising a light write-in type spatial light """^ """^ "^""^^^ 

modulator including at least a photo-conductive layer jhey quiy be monochro^^ ^rresponding wnh 

« * • • J • r - / ^the R, G, B image signals, respectively. The RGB 

and a dielectric mirror writing device for wntmg infor- j^^ehing device 14 responds t7the control signal to 

mation tune-d, visionally m a sequence of different col- 35 ^ ^ ^ ^^^^^ previously dekribed 

ors onto the spatial light modulator reading device for fo^ ^^e convenUonal display device with reference to 

reading the mformation wntten on the spatial light piG. 1, as such that it switches the reading lights of R, 

modulator, by decomposing a light from a light source q and B generated from the white light so as to selec- 

mto the corresponding colors and directing them to the tively supply the reading lights of R, G, and B to the 

spatial light modulator in synchronism with the time- 40 spatial light modulator 20 correspondingly with and in 

divisional writing of the information and a projecting synchronism with selective supply of the R, G and B 

device for projecting the information read out from the ^signalsJto the CRT 13 by the processing circuit 36.^^^^ 

spatial light modulator through a projection lens onto gj An 'SLM drive circuit 37 is a circuit for supplying a 

the screen, wherein the dielectric mirror has a light Mrive'(bias) voltage to the spatial light modulator 20 and 

absorbance characteristics such that influence of the 45ws composed of an R drive circuit 37fl operative when 

plurality of colored lights on an impedance of the T^he R image is exposed to the spatial light modulator 20, 

photo-conductive layer arc substantially uniform. ^a G drive circuit Zlb operable when the G image is 

Other objects and further features of the present in- /exposed to the spatial light modulator 20 and a B drive 

vcntion will be apparent from the following detailed 9*''^"^^ operable when the B image is exposed to the 

description. vspatial light modulator 20. Through the switch circuit 

38 controlled by the control signal from the CTL 31, 

BRIEF DESCRIPTION OF THE DRAWINGS the^SLM drive circuit 37 selectively and sequentially 

FIG. 1 shows a constnjction of an example of a con- ^^PP^i^s spatial light modulator 20 with the drive 

vcntional display device- voltages outputtcd from the drive circuit 37fl, 376 and 

FIG. 2 is a block diagram showing an embodiment of " p ^. ^^^^^^^^^^^ switching ofjhe corre- 

tSi ! • 1. I. • 1. ^ • respective drive circuits 37fl, 376 and 37c are established 

FIG. 4 isa graph showmg a sensitivity charactenstics on the basis of sensitivity response of the photo-conduc 

of a photo<onductive layer for light; ^ve layer 23 of the spatial light modulator 20 such as 

FIG. 5 is a graph showing a light absorbing charac- shown in FIG. 4. and of the wavelength of each reading 

tenstics of a dielectnc min-or; yght of different colors supplied to the spatial light 

FIG. 6 is a sectional view showing a construction of modulator 20, and of an amount of each reading light 

an example of a spatial light modulator; 65 leaked into the photo-conductive layer 23 so that the 

FIG. 7 shows an example of construction of a display impedance of the photo-conductive layer 23, which 

device of the present invention; and impedance is dependent on the leaked amount of the 

FIG. 8 shows a construction of an example of a filter. \ respective R, G and B reading lighu, becomes constant. 
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In other words, present invention utilizes a characterise amount of leakage light to the photo-conductive layer 

tic of the photo-conductive layer 23» which impedance 23. In such a case, a distance between the photo-oon- 

i.e. the sensitivity changes in response to the applied ductive layer 23 and the dielectric mirror 24 increases 

driving voltage and frequency. ^ necessarily, causing the resolution of the reading image 

y^As a resuUj^ it is possible to obtain a normal white 5 to be degraded. According to the present invention, 

image and a desired properly color balanced image such problem is not present as no such additional light 

composed of the respective R, G and B lights read out blocking layer is employed, instead, the dielectric mir- 

firom thc,spatial light modulator 20. ror 24 having such OD value as shown in FIG. 5 in the 

' FIG. 7 shows an example of the display device con- spatial light modulator 20, is used for improved resolu- 

structed according to the block circuit diagram shown 10 tion. 

in FIG. 2. Although, in the described embodiments, the R, G 

Referring to FIG. 7, the respective R, G and B writ- and B reading lights divided from the white light polar- 

ing lights from a writing device 40 (in this embodiment, j^ed by the polarizing prism are switched by the RGB 

it includes all components from the RGB signal genera^ switching device 14 composed of the fillere and the 

tors 32 to the CRT 13) are supplied sequentially to the 15 ijq^id crystal polarizing switch, they can be switched 

spati^ hght niodulator 20. In synchronism with the passing white light through a routing R. G and B 

switchmg of the R, G and B writing Ughts, the white s^^t^rcd filters 43 as shown in FIG. 8, the filter 43 is 

hght from the light source 15 if turned mto the R, G and .^^j^^ ^ ^^^^ direction for obtaining sequentiaUy 

B reading hghts by the RGB switching device 14, the R. G and B reading lighte. 

wiuch readmg lights are supplied to the main pnsm 11. 20 Alternatively, the RGB switching device 14 may be 

J'^^'h^T^^ ^' respective drive voltages from constituted to produce other reading lights than R. G 

the SLM dnve circuit 37 are switched m synchromsm and B as reading lights with the signals driving the CRT 

and correspondmgly with the R. G and B reading lights ^3 ^ ^^jj ^ ^he driving voltages ind the frequencies all 

by the switch circuit 38 to dnve the spatial hght modu- , . j-r j j- 1 *u j- r 1.* 

lator 20 respectively. Lights read oul from L spatial 25 IZk^^^^ 

light modulator 20 by using the R, G and B reading oiouier colors. 

Uihts and the corresponding drive vdtages are supplied , ^? ^''^^Z^^^^r ^h' ThT" ""i"^" 

to a projection lens 41 through the ma£ prism 11 and ^tructed such that information represented by a pli^al- 

projected on a screen 42, resulting in a normaUy color f is timeKfavisionally, in a sequence of differ- 

balanced color image thereon. 30 f?^°«' ^. ^Pf modulator, hkewise 

~ On the other.hand, as a less effective but less complex ^ ^^'^^ ^^^"^ i'^^!,'^ decomposed time-divisionally 

altemativeTifis possible to improve the projected image '^J sequence of different colors mto a plurality of 

composed by using the R, G and B lights read out of the ^^^}° .^f projected to the spatial light 

spatial light modulator 20, by controlling a light absor- modulator for time-divisional reading m synchromsm 

bance characteristic of the dielectric mirror 24 of the 35 w"*^ ^^e time-divisional wntmg. and a driving vohage 

spatial light modulator 20, . ®^ « driving frequency of the spatial light modulator is 
In this connection, the sensitivity characteristics of ^^gedjnjynch ronism ^ath.thejtimerdi.visional-read^ 
the photo-conductive layer 23 shown in HG. 4 has a -g g so tha t thejpatial hgit moduj ator is dnve nwitly 
peak around the wavelength of 700 nm which coincides ^diff^ent^ viiig^^ 

approximately with the wavelength of R light having 40 quencics^^corrcspondingjy^ with the._amount .and^the J 
the longest wavelength in the visible region. ^avelength ofeac h colo r of the reading lights. Because 

Utilizing this relationship, it is possible to make the of tfiisrifis possiblc to obtain a High quality image hav- 

impedance of the photo-conductive layer 23 fairly con- ^g no particular coloration which may be projected on 

stant by controlling the light absorbance characteristics ^ screen. 

of the dielectric mirror 24 as such that a leakage of light 45 Further or independent improvement is achieved by 
having wavelength around 700 ima is more reduced than selecting the light absorbance characteristic of the di- 
a light having a shorter wavelength. Since the light electric mirror as such that the inrtuence of reading 
absorbance characteristic of the dielectric mirror 24 can lights of different colors on the photo-conductive layer 
be changed depending on a wavelength of Hght desired becomes substantially uniform, so that undesired color- 
to be absorbed, the dielectric mirror 24 having such SO ation and/or contrast ratio degradation is prevented 
optical density (OD) gradient as a function of wave- or without changing the driving voltage and/or 
length as shown in FIG. 5 (the longer the wavelength the driving frequency of the spatial light modulator, 
provides the larger the light absorbance, hence the resulting a clear white image or a desired composed 
smaller the leakage light), may be used in the spatial color, 
light modulator 20. SS What is claused is: 

Accordingly, this type of spatial light modulator 20 A display device for displaying color informatioii 

with a dielectric mirror 24 having a light absorbance comprising: 

characteristic being controlled wavelength-selective to a spatial light modulator including at least a photo- 
absorb the light to which the photo*conductive layer 23 conductive layer, a photo-modulator layer and a 
is most sensitive, may be used with or without the previ- 60 dielectric mirror; 

ously explained method i.e. the control of the drive writing means for writing optical information repre- 

voltage of the spatial light modulator 20 concurrently sented by different colors onto said spatial light 

with the switching of the R, G, and B lights. If used modulator time-divisionally in a sequence of said 

together, the improvements on the projected color different colors; 

image will be most effectively achieved. 65 reading means for producing reading lights having 

In the past, a light blocking layer is sometimes pro- said different colors in synchronism with time-divi- 

vided additionally between the dielectric mirror 24 and sional writing of said optical information, and for 

the photo-conductive layer 23 in order to reduce an projecting said reading lights to said spatial light 
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modulator for reading said optical information 
written thereon; 

driving means for supplying said spatial light modula- 
tor with different driving signals correspondingly 
with said reading lights having said different colors S 
and in synchronism with time-divisional projcc* 
tions of said reading lights; and 

means for projecting said optical information read out 
from said spatial light modulator by said reading 
lights on display means for displaying said color 10 
information. 

2. A display device as claimed in claim 1, wherein 
said different driving signals have different voltages 
from each other. 

3. A display device as claimed in claim 1» wherein 15 
said different driving signals have different frequencies 
from each other. 

4. A display device as claimed in claim 1, wherein 
said different driving signals have different voltages and 
frequencies from each other. 20 

5. A display device for displaying color information 
comprising: 

a spatial light modulator including at least a photo- 
conductive layer, a photo-modiilator layer and a 

25 



8 

dielectric mirror, said dielectric mirror having a 
light absortance characteristic controlled to be 
wavelength-selective to absorb a color of light to 
which said photo-conductive layer is most sensitive 
so that lights having different colors leaked into 
said photo-conductive layer through said dielectric 
mirror are controlled to cause a uniform impe- 
dance of said photo-conductive layer; 

writing means for writing optical information repre- 
sented by different colors onto said spatial light 
modulator time-divisionally in a sequence of said 
different colors; 

reading means for producing reading lights having 
said different colors in synchronism with time-divi^ 
sional writing of said optical information, and for 
projecting said reading lights to said spatial light 
modulator for reading said optical information 
written thereon; 

means for projecting said optical information read out 
from said spatial light modulator by said reading 
lights on display means for displaying said color 
information. 

♦ • * * * 
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